TI-IE METABOLIC CHANCES that occur during stress have been attributed primarily to increased activity of the sympathetic nervous system, and to an increase in the secretion of ACTI~ and the corticosteroids. A decrease in utilization of infused glucose and a glucose intolerance have been reported to occur with ether. 1,e The possibility that ether anaesthesia may interfere with the action of insulin has been considered by Henneman and Vandam, a but this has been questioned by Greene. 4 Human growth hormone (ItCI-I) of the anterior pituitary gland is known to be related not only to growth but also to the metabolism of glucose, fat, and prorein. s,6 Large rises in plasma HCH concentration have recently been reported during surgical stress. 7-n Furthermore, participation of HCH in the metabolic responses to acute stress has been suggested. 7 The present study was undertaken to explore the effects of methoxyflurane anaesthesia alone on the carbohydrate and fat metabolism by determining plasma growth hormone, insulin, blood glucose (I~C), free fatty acids (FleA), and cortisol, and to compare this with effects of anaesthesia plus surgery.
TSUTOMU OYAMA, M.D., AND T. TAKAZAWA, M.D.* TI-IE METABOLIC CHANCES that occur during stress have been attributed primarily to increased activity of the sympathetic nervous system, and to an increase in the secretion of ACTI~ and the corticosteroids. A decrease in utilization of infused glucose and a glucose intolerance have been reported to occur with ether. 1,e The possibility that ether anaesthesia may interfere with the action of insulin has been considered by Henneman and Vandam, a but this has been questioned by Greene. 4 Human growth hormone (ItCI-I) of the anterior pituitary gland is known to be related not only to growth but also to the metabolism of glucose, fat, and prorein. s, 6 Large rises in plasma HCH concentration have recently been reported during surgical stress. 7-n Furthermore, participation of HCH in the metabolic responses to acute stress has been suggested. 7 The present study was undertaken to explore the effects of methoxyflurane anaesthesia alone on the carbohydrate and fat metabolism by determining plasma growth hormone, insulin, blood glucose (I~C), free fatty acids (FleA), and cortisol, and to compare this with effects of anaesthesia plus surgery.
MATE1AIALS AND METHODS
Twenty male patients, ranging in age from 15 to 65 years, were the subjects of the study. All patients underwent elective operations, and no patient had hepatic, renal, or endocrinological disease, or a history of steroid therapy. The type of operation and ages of the patients are shown in Table I . They did not receive food or water for at least 12 hours prior to induetion of anaesthesia, and no intravenous fluid was infused during this period. The average operating time was three hours and ten minutes; mean anaesthetic time was four hours and forty minutes.
Each patient was premedicated with pentobarbital 50-100 mg orally one and one-hal/hours prior to the induction of anaesthesia. Atropine 0.5 mg and meperidine 35 mg were injected intramuscularly one and one-quarter hours before the induction of anaesthesia. Methoxyflurane anaesthesia was induced with inspired concentrations between 0.6 and 1.2 per cent from a Pentee vaporizer, combined with N20 (9. L/min) and 02 (9. L/rain) under mask at 8:00-8:30 AM. After endotracheal intubation following injection of 40 mg of suceinylcholine chloride, anaesthesia was maintained with methoxyflurane, N_~O (2 L/rain) and 02 (2 L/rain).
Controlled or assisted ventilation was carried on throughout the procedure. A moderate depth of anaesthesia was maintained by clinical judgment based on signs including blood pressure, pulse rate, and somatic reflexes in response to the surgical stimuli. In addition, occasional observation by EEC was made. Anaesthesia alone lasted for at least 45 minutes in each case. Normal saline 100-300 ml was infused during the period of anaesthesia alone and until 15 minutes after the beginning of operation. Low molecular weight dextran 500 ml was infused throughout the operation, and whole blood was transfused when blood loss exceeded 500 ml. Eight blood samples were taken from each patient: one, a control sample, at 8:30 A~, immediately before induction of anaesthesia, three samples 15, 30, and 45 minutes after methoxyflurane anaesthesia, three samples 5--10, 30, and 60 minutes after the start of surgery, and one sample in the recovmy room when the patient was fully awake. Five ml of venous blood was collected on each occasion in a heparinized syringe, rapidly transferred to a tube, then centrifuged within 30 minutes of eoUeetion. One ml of these plasma samples was kept at --20 ~ C, and thawed within one month, just prior to radioimmunoassay for growth hormone and insulin. One ml of plasma was kept at 4 ~ C for analysis of cortisol and rra (free fatty acids --nonesterified fatty acids [NErA] ), and 0.9. ml of blood was used to measure blood glucose.
Determination of plasma growth hormone (rlCI~) was done according to the method of Schalch and Parker. 7 The analysis of plasma insulin was made after the method of Morgan and Lazarow. 19-These double antibody methods were based on the principle of radioimmunoassay, utilizing 1 les, which is the competitive inhibition, by unlabelled hormone, of the binding of the labelled honlmne to its specific antibody. Duplicate determinations were made for all specimens and the mean values were taken. The recovery rate for rmH was 98 per cent and for insulin 94 per cent by our method, which indicates reliable analysis.
The plasma cortisol concentration was measured by Murphy's radiostereoassay 13 with a Beckman liquid scintillation counter, using H3-corticosterone. The recovery rate of cortisol by our method was 95 per cent and the duplicate error of the same sample was _-_1.5/xg per 100 ml of plasma. The blood glucose (Be) was measured by the method of Somogyi, 14 and plasma FFA was determined by the colorimetric method of Dumeombe. 15 
I~ESULTS

Plasma growth hormone
Plasma insulin
The mean preanaesthetie control insulin level in plasma in 20 patients was 22.8 • 4.0 Izv/ml, which was within normal limits (5--35/zv/ml). The mean plasma insuJ_in level 15 minutes after the induction of anaesthesia was 21.7 _--_ 3.1 /zu/ml. It then decreased and varied from 18.9 -----3.1 to 19.7 --2.9/xu/ml during anaesthesia and surgery, which demonstrated no appreciable alteration, as shown in Table III 
Plasma cortisol
The mean control plasma cortisol level in 20 patients was 15.4 --0.9/zg/100 ml. After 15 minutes of methoxyflurane anaesthesia it was 17.4 ---+ 0.9/~g, after 30 minutes 18.4 _ 1.9 ~g, and after 45 minutes 17.5 +__ 1.3/zg. These variations were not statistically significant from the control preanaesthetic level. However, the plasma cortisol level significantly increased to 19.3 --1.6/xg/100 ml (p < 0.05) within ten minutes of the skin incision. It increased significantly to 22.0 --3.0/zg (p < 0.05) at 30 minutes and to 23.4 • 3.0/zg (p < 0.03) at one hour after the start of surgery. It rose to a peak level of 23.9 _ 2.6/zg/100 ml (p < 0.01) in the recovery room. ( See Table IV and Fig. 2. ) 
Blood glucose
The mean control preanaesthetic blood glucose level in 20 patients was 99 • 7 mg/100 ml. It increased slightly to 102 • 7 nag, 104 • 6 mg, and 108 +---8 rag/100 ml 15, 30, and 45 minutes respectively after the induction of anaesthesia. These values were not significantly different from the control level, as shown in Table V and Figure 2 . The glucose level increased to 110 _ 8 rag/100 ml within ten minutes of the start of the operation, and it was significantly elevated to 123 + 8 mg (p < 0.03) at 30 minutes and 147 • 13 mg (p <'0.005) at one hour after the start of surgery. Blood glucose levels were highest in the recovery room ( 155 • 4 mg [p < 0.005] ).
Plasma free fatty acids (FFA)
The average control preanaesthetic Fr'A level in plasma in 20 patients was 30.7 • 3.8 rag/100 ml. It significantly increased (p < 0.05) to 144 • 17 per cent ?Statistically significant compared with preinduction. 1  88  78  106  112  104  144  184  256  2  99  96  99  109  129  124  117  165  3  65  77  82  68  72  97  123  216  4  88  144  104  80  88  104  --104  5  96  108  88  134  118  132  126  126  6  70  42  42  60  42  46  --56  7  135  117  125  154  140  142  148  160  8  54  74  92  66  92  130  158  146  9  116  112  92  196  208  208  258  324  10  94  100  110  94  94  --194  148  11  100  106  88  100  116  112  112  128  12  60  60  --80  112  98  110  156  13  96  62  80  74  80  114  76  118  14  168  148  122  110  110  184  244  244  15  122  142  140  116  130  130  --136  16  114  128  128  118  118  118  132  118  17  64  94  116  106  106  132  --110  18  137  142  137  174  158  106  100  142  19  58  68  84  72  76  90  100 15 minutes after induction in comparison with the control value. Plasma FFA levels slightly increased to 112 _ 15 per cent and 125 _ 18 per cent, 30 minutes and 45 minutes after induction of anaesthesia respectively. This tendency to increase continued during the operation, and it was 122 -4-15 per cent, 126 +---13 per cent, and 115 +_ 11 per cent, 10 minutes, 30 minutes and one hour respectively after the start of the operation; but these values were not statistically significant in comparison with the control level as shown in Table VI and Figure 2 . FFA in plasma rose to the significant peak of 140 -----19 per cent (p < 0.05) in the recovery room. *Actual value (mg/100 ml). tStatistically significant. :~Statistically not significant.
Blood gases
Arterial pH just prior to induction of anaesthesia was 7.48 --0.02; it varied from 7.43 -+-0.05 to 7.51 _ 0.06 during anaesthesia and surgery, and it was 7.41 --0.03 in the recovery room. Arterial Pco2 did not change appreciably from a preanaesthetic conta'ol value of 37.3 _ 2.4 mm Hg, ranging from 32.0 --3.6 to 38.6 -----4.5 mm Hg during anaesthesia and surgery. Arterial Po2 prior to induction of anaesthesia was 83 ---+ 5 mm Hg. It varied from 181 ---+ 21 to 254 rnm Hg during anaesthesia and surgery. Arterial base excess changed from +6.8 to --4.0. These analyses of blood gases indicate that there was no appreciable anoxia, CO2 retention or metabolic acidosis during the procedures.
DISCXJsSION
The present study demonstrates that premedication consisting of pentobarbital, meperidine, and atropine did not elevate plasma growth hormone level. However, Irtethoxyflurane anaesthesia alone for 30 minutes siga~ificantly increased the blood level of growth hormone from a control value of 1.4 _+ 0.5 m/zg to 4.6 --1.2 m/zg/ml. Plasma growth hormone further increased and reached a peak value (8.0 --4---1.5 m/zg/ml) one hour after the start of surgery, confirming the reports of others, r-ll It decreased in the postoperative period in the recovery room when the patient fully awoke, although it was still significantly higher than the control value. Schalch 7 and Charters, 1~ who determined the response of plasma rlCrI to surgical stress, did not study the effect of anaesthesia alone. Therefore, they failed to evaluate the effect of individual anaesthetics precisely, and they reported that the degree of elevation in plasma I-IC~I during surgery was approximately the same regardless of the type of anaesthetic agent used. There was considerable variability between subjects in the absolute elevation, which could not be correlated with the severity of the operation in our study. This finding confirms the report of Charters et al. 1~ We also found that the depth of methoxyflurane anaesthesia itself had little influence on the plasma riCH levels.
Growth hormone increases protoplasm and causes positive total body balance of nitrogen, phosphorus, and potassium. It reflects largely an increased uptake of amino acids by many tissues, and enhances synthesis of amino acids. Second, growth hormone has diabetogenic and anti-insulin effects. It reduces peripheral utilization and uptake of glucose, decreases glucose tolerance, depresses glycolysis, and increases retention of glycogen. Third, growth hormone enhances mobilization of fatty acids from adipose tissue by stimulating dissolution of intracellular triglyceride, and increases FFA in blood. This lypolytic activity of Hari is blocked by insulin. Fottrth, growth hormone causes translocation of potassium from plasma to muscle. Along with the retained nitrogen there is accretion of other constituents of tissues -sodium, potassium, and calcium. Thus, growth hormone in simplified expression appears to be an anabolic hormone and plays a protective role in the response of an organism to stress. 5,~ Promotion of mobilization of fat (which prevents destruction of body protein), diminution in utilization of glucose (glucose sparing), and decrease in oxidation of amino acids (protein sparing) are favourable responses to stresses such as anaesthesia and surgery.
The mechanism of secretion of growth hormone is not clear at present. Factors stimulating secretion are many. Some of these are exercise, sleep, emotional stress, surgery, hypoglycaemia, insulin hypoglycaemia, and administration of fl-adrenergic blockers. 5,6 Factors depressing secretion of growth hormone are administration of glucose, corticosteroids and ~-adrenergic blockers. ~,~ These factors influence the secretion of hypothalamic growth hormone releasing factor (cr~F), through which secretion of growth hormone from anterior pitttitary gland is stimulated. It is known that a plasma acH peak (13--72 m/zg/ml) lasting 1.5--3.5 hours appears with the onset of deep nocturnal sleep in man. Smaller riCH peaks occasionally appear during subsequent deep sleep phases, and peak HCI~ secretion is not correlated with change in plasma glucose, insulin, and cortisol. 16,17 Therefore, the present authors speculate that there is a possibility that methoxyflurane anaesthesia evokes a rise in secretion of HCrI through stimulation of hypothalamic caF, as natural sleep does.
Plasma insulin levels during methoxyflurane anaesthesia and surgery ranged around 9.0/~v/ml but tended to decrease insignificantly. There was a postoperative rise in insulin levels. While blood glucose was not increased during methoxyflurane anaesthesia alone, it was elevated during surgery. A similar finding in the dog was reported by Dobkin38 It is well known that surgical stress elevates blood glucose by increasing glycolysis and glyconeogenesis, z
Response of blood glucose to HarI and insulin appears to be different in unstressful states and stressful conditions such as anaesthesia and surgery. Administra-tion of glucose under normal conditions elevates blood insulin level acutely; on the other hand blood HGI-I concentration is decreased at first, then it rises three to four hours later. However, during operation the elevated blood glucose neither increased the plasma insulin level nor significantly decreased the plasma riCH level. Glick et al. 19 also observed that the plasma rich level was not influenced by glucose infusion during operation. Epinephrine is known to depress insulin secretion as a response to hyperglycemia. ~,G Plasma FFA increased slightly during induction of methoxyflurane anaesthesia and in the recovery room. Otherwise it did not change markedly. Plasma FFA is usually elevated by increased secretion of HCH, corticosteroids, and epinephrine. Epinephrine mobilizes fatty acids, but tends to depress blood FFA elevation by hyperglycaemia. Cortisol also affects fat mobilization and the production of hyperglycaemia, thereby tending to decrease blood FFA levels. ~,6 These complicated mechanisms influence blood FFA, but as our results show, no appreciable variation was observed during anaesthesia or surgery.
HGH and adrenocorticosteroids of the glucocorticoid type are insulin antagonists 9 ~,6 which decrease glucose utilization and increase the mobilization of fat. It is postulated that a possible hormonal interaction including HCH, cortiso1, insulin, and catecholamines may occur. They might play one of the important roles in carbohydrate and fat metabolism during anaesthesia and surgery. Therefore, the alterations in carbohydrate and fat metabolism during anaesthesia and surgery cannot be explained by simple sympatho-adrenal activity.
Plasma cortisol level did not change markedly during methoxyflurane anaesthesia alone, but it increased stepwise during surgery and in the postoperative period, which confirmed our previous observations. ~~ It is interesting to note that the rising curves for riCH and cortisol in plasma are quite different. The riCH level reached a peak one hour after the start of surgery and decreased later. However, the cortisol level in plasma rose stepwise, and its highest concentration appeared in the postoperative period.
SUMMARY AND CONCLUSION
The present study was undertaken to investigate the effects in 20 patients of methoxyflurane anaesthesia alone on carbohydrate and fat metabolism by determining plasma growth hormone (Hcr~), insulin, blood glucose, free fatty acids (FFA), and cortisol, and to compare these with the effects of anaesthesia plus surgery. Analysis of plasma growth hormone and insulin levels was made by radioimmunoassay utilizing 11~a labelled hormones.
Determinations of plasma I-IGH, insulin, cortisol, FFA, and blood glucose were made simultaneously before induction of methoxyflurane anaesthesia, 15, 30, and 45 minutes after induction of anaesthesia, 5-10, 30, and 60 minutes after the start of surgery, and in the postoperative period when the patient was adequately awake in the recovery room.
Plasma HGI-I levels during methoxyflurane anaesthesia alone significantly increased for 45 minutes from a control level of 1.4 • 0.5 m/xg/ml to 6.0 -+-1.6 m/zg/ml. They further increased and reached a peak (8.0 • 1.5 m/zg/ml) one hour after the start of operation. Plasma insulin levels did not change appreciably during anaesthesia or surgery.
Blood glucose levels did not alter markedly but increased gradually during surgery. Plasma FFA levels did not change markedly during the entire course of anaesthesia or surgery. Plasma cortisol levels increased stepwise and significantly during surgery. The pattern of elevation in plasma Hca was different from that of plasma cortisol.
RI~SUM~
Cette ~tude a ~t~ entreprise chez 20 malades, pour d~pister les effets de l'anesth~sie au m~thox'yflurane seule sur le m~tabolisme des hydrates de carbone et des graisses en recherchant dans le plasma l'augmentation des hormones (HCH), de l'insuline, de la glyc~mie, des acides gras libres (FFA) du cortisol et ensuite, pour comparer ces effets avec ceux de l'anesth~sie et de la chirurgie ensemble. L'analyse de l'augmentation plasmatiquc des taux d'hormones et d'insuline a ~t~ faite en employant des hormones marquees ~ l'I lz5.
La d&ermination des HCH, de rinsuline, du cortisol, des FFA et de la glycemie a ~t~ faite, en m~me temps, avant rintubation de l'anesth~sie au m~thoxyflurane et 15, 30 et 45 minutes apr~s l'induction de l'anesth~sie; puis, de 5 ~t 10, 30 et 60 minutes apr~s le d~but de la chirurgie et, au cours des suites op~ratoires, lorsque le malade ~tait suffisamment r~veill~ dans la salle de r~veil.
Au cours de l'anesth~sie au m~thoxyflurane seulement, le taux du riCH plasmatique au cours des 45 premieres minutes, a augrnent~ de fa~on significative du taux de contrSle de 1.4 _--_ 0.5 m/~g/ml tt 6.0 -+ 1.6 m/zg/ml. Une heure apr~s le dtbut de roptration, il a augment6 encore eta touch6 un sommet (8.0 ---+--1.5 m/zg/ml. Les taux d'insuline plasmatique ne se sont pas modifits de fa~on apprtciable durant l'anesthtsie et la chirurgie.
La glyctmie n'a pas vari6 beaucoup, mais, graduellement, au cours de la chirurgie, cUe a augmentt. Les taux de FFA plasmatiques n'ont pas chang6 beaucoup durant toute l'exptrience: anesthtsie et chirurgie. Au cours de la chirurgie, le taux de cortisol plasmatique a augment6 en fl~che et de fa~on importante. La courbe d'616vation du cortisol et des rma plasmatiques ne se ressemblait pas.
